Abstract: Colloidal Silver nanoparticles with a size of 5 nm produced by chemical reduction using poly ethylene glycol (PEG 200). Layers of silver nanoparticles and chitosan were deposited onto low density polyethylene (LDPE) substrate by layer by layer (LBL) self-assembly technique. Silver nanocomposite films were built by sequential dipping of LDPE film in either anionic silver nanoparticles or cationic chitosan. Silver nanoparticles and chitosan led to the formation of nanocomposite films possessing antimicrobial properties with the thickness of 2, 4, 8, 12 and 20 layers. Silver nanocomposite films were characterized by atomic force microscopy (AFM). Thermal, mechanical and barrier properties of LBL deposited nanocomposite films were investigated. Results showed that the LBL deposition of silver nanoparticles and chitosan increased the crystallinity of the composites and also improved mechanical and barrier properties of LDPE film significantly (p<0.05). Antimicrobial activity of silver nanocomposites against Escherichia coli and Staphylococcus aureus was evaluated. Growth kinetic parameters of E.coli and S.aureus affected by silver nanocomposites were calculated by modeling of absorbance data according to Gomperz equation. LDPE-silver nanocomposite affected bacterial growth parameters significantly (p<0.05). The specific growth rate reduced from 0.30 to 0.11 h -1 for E. coli and decreased 0.27 to 0.06 h -1 for S. aureus.
Introduction
Active packaging is one of the innovative food packaging that has been introduced as a response to the demands of extended shelf life of products [1] . Active packaging has been defined as 'a type of packaging that changes the condition of the packaging to extend shelf life or improve safety or sensory properties while maintaining the quality of the food' (European FAIR-project CT 98-4170). Antimicrobial packaging is one of the most promising active packaging systems that have been found highly effective in reducing, retarding or inhibiting of spoilage and pathogenic microorganisms growth that contaminate foods [2] . Antimicrobial packaging is more efficient than directly incorporation of antimicrobials into food formulation due to controlled and gradual release of antimicrobial agent from packaging material to food products [3] . Efficiency of antimicrobial packaging depends on solubility and stability of antimicrobial substance in polymer as well as food matrix. Antimicrobial substance which incorporated into the packaging material can suppress microbial growth by extending the lag phase and/or reducing the growth rate and maximum growth population or inactivating microorganism by contact [2, 3] .
Low density polyethylene (LDPE) is widely used in food packaging because of acceptable flexibility, transparency, easy processability, thermal stability , environmentally recyclability and also inexpensive properties [4, 5] . So most of the studies of antimicrobial food packaging have been done on LDPE polymer matrix. Some examples of antimicrobials which incorporated into LDPE are sorbate compound [6, 7] , imazalil [8] , nisin [9] , silver zeolite [10] , and also natural extracts such as basil constituents [11] , grapefruit seed extract [12] , thymol and rosemary oleoresin [7] and clove extract [13] . Among all these, silver nanoparticles deserve special attention due to their unique properties, high thermal stability and long-term activity that discriminate from other antimicrobial additives. Silver nanoparticles represent one of the most interesting and developing area in recent nano-responding studies which can be related to their unique physicochemical characteristics such as catalytic activity , optical and electronic properties ,and especially strong antimicrobial activity and broad spectrum toxicity to microorganism [14] as well as radical scavenging biocompatibility [15] . Some mechanisms about inhibitory effects of silver nanoparticles have been reported such as generation of free radicals and subsequent membrane damage [14] , reaction of silver ions that released from surface of nanoparticles with cell membrane proteins by combining the thiol(-SH) containing amino acids that leads to inactivation of proteins and change the membrane permeability [16, 17] .
Polyethylene silver nanocomposites produced by several techniques such as melt production [18] and plasma depositing [19] but difficulties of processability and size control of nanoparticles and also entrapping of silver nanoparticles in polymer structure could be considered as disadvantages of these methods. Coating of silver nanoparticles on the polymer surface can improve antimicrobial functionalities. Layer-by-layer (LBL) self assembly is a unique technique for the fabrication of layered nanocomposite films with precise control over nanometer thickness and the layer composition which was developed by Decher in 1991. This technique is based on electrostatic interaction as the driving force and has attracted considerable attention in past decade studies [20] . In addition, it possesses advantages in cost-effective, rapid, experimentally simple, environmentally-friendly, room temperature processing and high throughput of production in comparison with previous techniques used to prepare nanocomposite materials [21, 22] . Layer by layer technique is carried out by taking a functionalized substrate and exposing it to an oppositely charged either cationic or anionic material so that the material is electrostatically adsorbed onto the substrate.
Chitosan is a polysaccharide derived from chitin and extracted from the exoskeleton of crustacean. It is mainly composed by 2-amino-2-deoxy-b-D-glucopyranose repeating units. Chitosan has been proved to be natural, nontoxic and biodegradable, biofunctionalized and biocompatibility. The importance of chitosan resides in its antimicrobial properties in conjunction with its cationic character (amino group at the C-2 position of glucosamine residue ) and also filmforming properties [23] . Layer by layer is a unique technique for the fabrication of layered nanocomposite films by taking a functionalized substrate to an oppositely charged either cationic or anionic material so that the appositively charged layers are electrostatically adsorbed onto the substrate. This technique is based on electrostatic interaction as the driving force and has attracted considerable attention in past decade studies [20] . Here LBL assembly of chitosan, a cationic polysaccharide with good biocompatibility property, and colloidal silver nanoparticles, an anionic material that possesses strong antimicrobial activity on low density polyethylene LDPE film substrate as antimicrobial packaging will be studied. The aim of this study is (i) LBL assembly of chitosan/ silver nanoparticles on LDPE films and (ii) characterization and addressing antimicrobial property for its potential as antimicrobial active food packaging.
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Materials and Methods
Preparation of Silver Colloid. Silver nitrate (AgNO 3 ) and polyethylene glycol (PEG, molecular weight 200) were provided from Merck Company, Germany. Silver nanoparticles were prepared according to the procedure as described in Popa et al. [24] Briefly, AgNO 3 (800 mg) was dissolved in 100 cm 3 polyethylene glycol 200 at room temperature (25ºC) and stirred until the complete dissolution of silver nitrate. The transparent solution converted to gray-black colloid, which indicated the formation of silver nanoparticles. Polyethylene glycol acted as reducing agent to produce nanoparticles as well as stabilizer in order to prevent agglomeration of nanoparticles. Colloidal silver dispersion contained polyethylene glycol and silver nanoparticles which capped with polyethylene glycol possess anionic characteristics.
Preparation of Laye by layer (LBL) Self Assembled Film. Low density polyethylene film (250 micrometer thickness) which was used as substrate, obtained from Soon Ye Plastic Resin Manufacturing Sdn., Bhd Company, Malaysia. LDPE films were cleaned by ultrasonic washing in acetone for 15 min, subsequently rinsed thoroughly with deionized water (18.2 MΏ.cm ) and blown dry with N 2 . The cleaned substrate were then dipped in a dilute aqueous solution of PEI (poly ethylenemine; Mw=50-60000; 0.2 wt.%) for 15 min, followed by washing with deionized water. After washing, a nitrogen stream was blown over the film surface until the adhering water layer was completely removed. A thin layer of PEI resulted in positive surface charge and promote combinability between film substrate and first monolayer of silver nanoparticles film [20, 25] . PEIcoated film substrates then were alternately dipped into silver colloidal solution containing PEG capped silver nanoparticles and 1×10 -3 M chitosan (Mw= 100,000 -300,000; ACROS) for 10 min. Chitosan was dissolved in 1% acetic acid to obtain 1 mM solution. Deposited films were then gently rinsed with deionized water, and dried in a nitrogen stream after each immersion. By using this alternately depositing process, multilayer assemblies of PEG capped silver nanoparticles/ chitosan thin films with over 20 layers were successfully fabricated on the LDPE film substrates. The numbers of layers was varied from 2, 4, 8, 12, 16 and 20.
Morphology and Size. The surface morphology and size of silver nanoparticles onto LBL deposited films was investigated using atomic force microscope (AFM) operating with a Q-Scope 250 in contact mode.
Thermal Properties. Thermal analyses of LBL deposited films were conducted using Mettler Todelo differential scanning calorimeter (DSC). The samples (about 10 mg) were placed in aluminum pans and heated from 30°C up to 180°C at the heating rate of 10°C/min. The latent heat of melting measured from area of melting peak and then heat of fusion were determined from melting endothermic areas dividing to the weight of samples. The % crystallinity of the film samples was determined using the following equation [26] :
Mechanical Properties. Mechanical tests of LBL deposited films were performed on an Instron Machine (Series IX version 8.31.00). The samples were tested according to ASTM D63M standard [27] . The tensile tests of the films were carried at a crosshead speed of 5 mm/min, 30°C and with a load capacity of 1 kN. Each test was repeated seven times and results are expressed as means ± standard deviation (SD) and subjected to a one-way analysis of variance (ANOVA) at 95% confidence intervals.
Barrier Properties. Oxygen transmission rate of LBL deposited film samples (100 cm 2 ) was determined by oxygen permeation analyzer (Model 8000, Illinois Instruments Inc., USA) using the method described in the standard ASTM D3985-81. Tests were carried out at 23°C temperature and 0% relative humidity (RH) using 100% oxygen as test gas. Water vapor transmission of LBL assembled samples was determined using water vapor transmission rate (WVTR) analyzer (Permatran-W 1/50, Mocon, USA). The size of the samples was 50 cm 2 and the testing condition was 38°C and 10% (dry basis) to 90% (wet basis) relative humidity. The permeability was calculated as fellows [7] = TR × L ∆p
where P is water vapor or oxygen permeability, TR is transmission rate which determined by the instrument, L is the film thickness and ∆p is oxygen or water vapor pressure differential across the film.
Antimicrobial Analysis. Escherichia. coli ATCC 13706, Staphylococcus aureus ATCC12600 were obtained from MicroBioLogics, Inc., USA. For recovery of lyophilized culture, the desired culture contained in plastic bead was aseptically transferred into a tube containing 5mL of Nutrient Broth (Oxoid Ltd., England) and maintained in an incubator at 37 o C for 24 h. The working stock culture were maintained on tripton soy agar (Oxoid Ltd., England) slants at 4°C in refrigerator [28] .
Antimicrobial efficiency of LBL assembled polyethylene films was evaluated using dynamic shake flask method as described in Appendini and Hotchkiss [2] . For shake flasks test, 8 specimens (2×1.5 cm) of the nanocomposite films were immersed in 100mL of Tripton Soy Broth (TSB) and Yeast and Mold Broth (YMB) (Oxoid Ltd., Engalnd) created a ratio of 2.08 (ml) liquid /cm 2 of exposed surface. A 200 ml flask containing TSB and 0.4 g of Tween 80 inoculated with 1mL of E. coli (3.54×10 5 ) and S. aureus (22.30×10 6 ) and then incubated at 37 °C with 150 rpm agitation. Evidence of microbial growth was acquired by reading the absorbance changes at 600 nm [7] by using a spectrophotometer (Genesys 20, ThermoSpectronic, USA) at regular intervals (2 hours). The absorbance data were modeled according to the Gompertz equation as modified by Zwietering and others [29] to estimate microbial growth kinetic parameters:
where X(t) is the cell concentration of inoculated microorganism in the medium (absorbance at λ=600 nm), X 0 is initial value of absorbance, A is maximum bacterial concentration attained at the stationary phase, µ max is maximum specific growth rate (h -1 ), λ is lag phase and t is time (h). The parameters were determined by using STATISTICA7.0 for windows (StatSoft, Inc, Tulsa, OK, USA) to describe microbial growth kinetics.
Results and Discussion
Morphology and size. Transmission electron microscopy (TEM) showed spherical silver nanoparticles in colloid dispersion with size of 5.5 ± 1.1 nm (our previous work [15] ). Surface morphology of LBL deposited films was investigated using AFM and was shown in figure 1 . Atomic force micrographs illustrated that there is no surface damage or defect on the thin film surface. Silver particles are homogeneously distributed on the surface and relatively uniform in size. The grain height increased from 25.2 nm to 50.8 nm with a increase of layers. It is apparent from the AFM results that as the numbers of layers increased, the more density of particles on the surface and the larger size was observed which can be related to agglomeration of particles on the polymer surface. In fact, deposition of 20 layers containing 10 layers silver nanoparticles and 10 layers chitosan led to increase size of nanoparticles from 5.5 nm (colloidal dispersion) to 50.8 nm (20 layers deposited nanocomposite) due to agglomeration of nanoparticles onto substrate surface. 
Differential scanning calorimetry (DSC).
Results obtained from DSC analysis are summarized in Table 1 . The recorded DSC curves obtained for the control and LBL deposited samples (curves not presented) showed only one melting peak. This proved that the polymer studied is characterized by one crystalline form. The results showed that there were no significant differences in melting temperature. It is indicated that silver nanoparticles and chitosan coating did not affect the peak temperature of melting. Heat of fusion (∆H f ) was determined from the melting endothermic area. Heat of fusion showed an increasing trend with increase of layers. ∆H f values were found in the range of 82.3-89/5 kJ/kg for the 2-20 layers of chitosan/silver nanoparticles. The % crystallinity of the films was determined using equation (1) . The ∆H f value for 100% crystalline LDPE is cited in the literature as 293 kJ/kg [30] . This value was used to determine the % crystallinity of the LBL deposited nanocomposites. The higher the number of layers, the higher silver nanoparticles concentration and the higher the crystallinity values were obtained for the LBL deposited nanocomposites. These findings are consistent with those of Jang et. al [31] who found silver nanoparticles produced increased crystallinity of polypropylene films. As shown in table 1, pure LDPE film was 27.4% crystalline, whereas the crystallinity of LBL deposited nanocomposites was increased with the increasing layers up to 30.5%. Tensile strength is the maximum tension supported by the film until the moment it collapses. Elongation is a measure of the flexibility of the film and can be considered as a characteristic that defines the ability of the film deform in place before it collapses and Young modulus is elasticity coefficient and describes stiffness of the material. These measurements are important due to mechanical characteristics of the films. The mechanical properties of LDPE films are affected by presence of silver nanoparticles and also chitosan coating. The results indicated that tensile strength was not changed significantly (p >0.05) but it can be clearly seen that elongation at break increased significantly upon increasing the number of layers. It can be attributed to reinforcement of chitosan coating onto LDPE films. The effect of chitosan coating on mechanical improvement is corroborated by earlier findings [32, 33] , however chitosan coating influence on stress at break (tensile) was not apparent in this study. Polymer chain of chitosan on the LDPE films provides more flexible structure which was in turn related to easier deformation of the LDPE film. Elongation at break of 20 layers LBL deposited films was lower than 16 layers LBL deposited films and decreased from 613% to 522%. It can be related to agglomeration of silver nanoparticles which can be seen in AFM graphs (Figure 1) . A significant increase (p <0.05) in Young modulus with increase of layers was observed. Silver nanoparticles caused increase of crystallinity which was determined by DSC results (Table 1) . It was concluded that increasing the layers increased crystallinity due to more silver nanoparticles content. As Increase of Young modulus related to increased crystallinity which further support the findings of Galcia et. al who studied on silver nanoparticles in polyvinyl alcohol film [34] and Jang et. al who studied silver nanoparticles effect on polypropylene films [31] . Values are recorded as mean ± standard deviation Means followed by different superscripts in each column are significantly different (p<0.05)
Barrier properties. Permeability is the mass transfer of water vapor or oxygen through a unit of surface and thickness in a unit of time under specific condition of temperature and humidity. Water vapor permeability and oxygen permeability of LBL deposited films are summarized in table 3 .
Results indicated that LBL deposition affected water vapor and oxygen permeability of LDPE films significantly (p <0.05). Water vapor permeability (WVP) and oxygen permeability (OP) was gradually decreased as the number of layers increased from 2 to 20 layers. Layer by layer deposition of chitosan and silver nanoparticles decreased water vapor permeability from 0.57 to 0.30 g mm/m 2 d atm and reduced oxygen permeability value of LDPE film from 90.85 to 79.56 cc mm/m 2 d atm. It is obvious that layer by layer deposition improved barrier properties of LDPE films. As mentioned in literature review, crystallinity is a key factor for permeability characteristics of polyethylene films [35, 36] . Increased crystallinity of LBL deposited LDPE films because of silver nanoparticles is the main reason for reduction of water vapor and oxygen permeability. Significant reducing of water vapor permeability can also be related to hydrophobic characteristics of chitosan due to presence of hydrophobic acetyl groups [32] . In other words, chitosan coating rendered the hydrophobic characteristic to the film surface. The another explanation for improving barrier properties of LBL deposited films might be attributed to electrostatic bonding between anionic polyethylene glycol capped silver nanoparticles and cationic chitosan which reduced penetration of oxygen and water vapor molecules through the films.
Antimicrobial Activity. LBL deposited LDPE nanocomposites were subjected to evaluation of antimicrobial efficiency by studying of bacterial growth kinetics using dynamic shake flask test. The growth profile of E. coli and S. aureus were represented by plotting absorbance (600 nm) of inoculated solutions as a function of time in contact with LDPE film (control) and LBL deposited nanocomposite films and fitting according to the modified Gomertz equation(Eq. 3) and are shown in Figures 2, and 3 . Results from the fitting process to determine the parameters of lag time (λ), maximum growth rate (µ max ) and maximum bacterial concentration(A), along with corresponding R 2 (adj.) are listed in Tables 4, and 5 . The results indicated that a modified Gompertz equation (Eq. 3) was fitted well to all experimental absorbance data. The R 2 (adj.) values ranged from 0.9766 to 0.9972 were obtained for predicted values to experimental values and the lack of fit (p value = 0.000) which measure the fitness of the model for all samples, indicating the proposed model was sufficiently accurate and significant (p<0.05) for describing the examined data [5, 18, 29] . LBL deposited nanocomposites influenced growth kinetics of E.coli and S.aureus. The specific growth rate reduced from 0.30 to 0.11 h -1 for E. coli and decreased 0.27 to 0.06 h -1 for S. aureus. LBL nanocomposites showed 45% and 35% reduction in maximum bacterial concentration for E. coli and S. aureus, respectively. The antimicrobial efficiency of LBL nanocomposites showed a function of number of layers and so silver nanoparticles and chitosan content which is in agreement with other studies [5, 37] . 20 layers LBL nanocomposite could extend lag time 52%, 12% and decrease specific growth rate 62%, 79% and reduce maximum growth concentration 45%, 35% for E. coli and S. aureus, respectively. Results indicated that 2, 4 layers LBL nanocomposite did not affect growth kinetic of target microorganism to great extend as compared to LDPE film control. Results also revealed that LBL deposited nanocomposites was more efficient on reducing of growth rate of S. aureus than E. coli. Results in Table 5 indicated that 20 layers LBL nanocomposites reduced growth rate of S. aureus by 79% which can be observed from slope of growth curve in Figure 3 . In fact, gram positive S. aureus is more susceptible to silver ion released from the LBL deposited nanocomposites compared to Gram negative E. coli due to lack of peptidoglycan layer of Gram positive membrane structure [14, 17] . In contrast, some other researchers reveled that Gram negative bacteria are more sensitive to silver compounds which attributed to thinner murien cell wall of Gram negative bacteria [16] . In this study lag phase of E. coli was more extended than S. aureus as contact with LBL deposited nanocomposites. Further study should be undertaken to distinguish the effect of silver nanoparticles on Gram negative and positive bacteria. 
Conclusion
It is demonstrated that it was possible to coat LDPE film with silver nanoparticles and chitosan by following the low cost and simple experimental layer by layer method. Silver nanoparticles distributed uniformly onto surface of polymer. The deposition of the silver nanoparticles on the films was controlled by the number of deposition cycles. Electrostatic bonding between opposite charges layers and subsequent less penetration of water and oxygen molecules leads to improved barrier properties. LBL deposited nanocomposites exhibit antimicrobial activity and also improvement of mechanical and barrier characteristics which could render them useful in active food packaging application. 
